Although many historians have extensively discussed the agricultural history of England between the Late Middle Ages and the Modern Era, this period of crucial changes has received less attention by archaeologists. In this paper, zooarchaeological evidence dated between the Late Middle Ages and the Early Modern period is analysed to investigate changes in animal husbandry during the 'long' sixteenth century. The size and shape of the main domestic animals (cattle, sheep, pig and chicken) is explored through biometrical data and discussed in line with evidence of taxonomic frequencies, ageing and sex ratios. Data from 12 sites with relevant chronologies and located in different areas of the country are considered. The results show that, although a remarkable size increase of animals occurred in England throughout the post-medieval period, much of this improvement occurred as early as the sixteenth century. The nature and causes of such improvement are discussed, with the aim of understanding the development of Early Modern farming and the foundations of the so-called Agricultural Revolution.
Introduction
During the sixteenth century, Europe shifted from being 'medieval' to being 'modern' because some crucial changes occurred in all aspects of life (e.g. Rice and Grafton 1994; Johnson 1996) . Abundant documentary evidence has allowed historians to investigate some of these changes, such as the exploration of other continents (e.g. Penrose 1952; Cipolla 1970; Parry 1981; Arnold 2002; Love 2006) , the opening of oceanic trade routes and expansion of commerce (e.g. Braudel 1992; Parker 2010) , the remarkable development of politics & The process of enclosure (e.g. Havinden 1961; Kerridge 1967 ) & A notable demographic increase associated with the growth of urban demand (e.g. Beckett 1990; Jack 1996; Dyer 2002) For many, these are the causes of the so-called British Agricultural Revolution (e.g. Kerridge 1967; Beckett 1990; Williamson 2002) , which ultimately led to the birth of modern farming. Lord Ernle's influential work (Prothero 1912) identified such important agricultural changes with the second half of the eighteenth century, but his ideas were subsequently challenged by historians, such as Fussell (1961) , Kerridge (1967) and Thirsk (1987) , who suggested a much earlier onset of those changes. Regardless of its starting date and its 'revolutionary' nature, the British Agricultural Revolution is a concept that is widely used by historians of Modern Britain (e.g. Jones 1965; Kerridge 1967 and 1969; Beckett 1990; Overton 1984 Overton , 1996a Turner et al. 1996; Allen 1999; Clark 1999) , and the expression will therefore be referred to in this paper.
When it comes to investigating agricultural change, the sixteenth century has, however, been somewhat disregarded, perhaps because, traditionally, it has been overshadowed by two major events (Allen 1991 ) that unquestionably transformed the European countryside in both its appearance and practices: the Black Death (mid-fourteenth century) (e.g. Postan 1939; Dyer 1981; Verhulst 1990; Miller 1991; Hopcraft 1994; Dodds and Britnell 2008) and the Agricultural Revolution as originally interpreted (eighteenth century) (e.g. Prothero 1912) . Most of the period in between these two events will be referred to in this work as the 'long' sixteenth century (spanning, broadly, from the mid-fifteenth century to the mid-seventeenth century) and will be the main focus of this paper, although some phenomena will also be considered in a longer time perspective.
Historians have paid a substantial amount of attention to the investigation of late-and post-medieval changes in agriculture and animal husbandry (e.g. Prothero 1912; TrowSmith 1957 TrowSmith , 1959 Fussell 1961; Thirsk 1987; Campbell and Overton 1993) . Archaeologists, however, have been slower in recognising the importance of the topic, with the exception of some early work conducted by Philip Armitage (1978 Armitage ( , 1980 Armitage ( , 1982 Armitage ( , 1990 . In later years, the main topics that have been investigated by zooarchaeologists are represented by late medieval innovations in animal husbandry (Albarella 1997a) , evidence for the onset of the British Agricultural Revolution (Davis 1997; Davis and Beckett 1999; Thomas 2005a Thomas , 2009 and urban provisioning during the post-medieval period (e.g. Gordon 2016 ). Some of the trends that have been identified through zooarchaeological research include the substitution of cattle with horse as the main draught animal, the increased meat (mainly veal) and milk production and the enhanced productivity related to a notable size increase of livestock (Langdon 1986; Albarella 1997a, b; Davis 1997; Davis and Beckett 1999; Thomas 2005a Thomas , 2009 Sykes 2006; Vann and Grimm 2010; Thomas et al. 2013) . Zooarchaeological research concerning late-and post-medieval agricultural changes and 'improvement' has mainly focused on biometrical analyses. The greatest attention has been paid to cattle and sheep, the animals whose remains are the most frequent in English sites dated to this period. Other livestock species that were central to agriculture and everyday life, such as pig, chicken or horse, on the contrary, have been somewhat neglected (for turkey, however, see Reed 2008 and Fothergill 2014) .
Most of the discussion has focused on when these changes occurred (e.g. O'Connor 1995; Albarella and Davis 1996; Davis 1997; Davis and Beckett 1999; Thomas 2005a, b; Thomas et al. 2013) , with no clear solution to the problem, partly due to most researchers focusing only on datasets limited to specific case-studies and partly due to the fact that postmedieval bone assemblages have sparked the interest of scholars only rather recently. While all agree that changes in animal husbandry were gradual rather than revolutionary, it is still unclear if changes in England as a whole occurred as early as the Late Middle Ages or later in time. For instance, a remarkable size increase of livestock is visible at Dudley Castle during the late medieval period (Thomas 2005b) , while in York, changes occurred only after the eighteenth century (O'Connor 1995) . Regional diversity in post-medieval English agriculture has already been pointed out (Kerridge 1967; Thirsk 1987) , with zooarchaeological evidence suggesting that changes occurred earlier and more notably in the south-eastern and central areas of the country than in the more peripheral areas (Davis 1997; Davis and Beckett 1999; Thomas et al. 2013; Thomas 2005b) . The main research questions of this work concern whether improvements in livestock management can be regarded as having already been underway at the beginning of the Modern period, during the 'long' sixteenth century and whether they should be regarded as part of a countrywide trend or were rather punctuated and localised.
It is argued here that such innovations were concerned with increasing production and enhancing quality and therefore related to 'improvement' in animal husbandry. This research will mainly consider biometrical analysis, to look at size and shape changes of the main food domesticates (cattle, sheep, pig and chicken), during the period considered. Other evidence, such as taxonomic proportions, kill-off patterns and sex ratios will be utilised comparatively, to discuss the patterns observed in the biometrical analysis.
A concept that needs to be clarified in this paper is that of improvement, which has received wide attention by archaeologists and historians of the later Modern Era, particularly in relation to the Enlightenment period and the idea of progress. According to Tarlow (2007) , BImprovement (in the Modern Era) was a cross-cutting ethic, directed not only at the improvement of agricultural production (…), but also at the moral, intellectual and physical improvement of the self, of the labouring people, of society, of production and of the human environment^(p. 16) and Bencompasses and contextualises traditional 'industrial archaeology' and joins material culture with ideology^(p. 18). Therefore, investigating 'improvement' is key for understanding of Ball aspects of material life in Britain in the period: agriculture and landscape change, houses and architecture, town morphology, artefacts and technology, social practices (etc.)^(p. 18). With these considerations in mind, it is important to clarify that 'improvement', although largely regarded by farmers as a way to maximise yield, indicates a different rather than necessarily better way to manage animals or the landscape. For example, in the contemporary world, industrialised intensive farming can increase meat output and profit, but is not necessarily desirable for the society, the environment, let alone the welfare of the animals.
This work provides clear evidence, based on biometrical data, for a series of 'improvements' in animal husbandry already during the 'long' sixteenth century, long before the eighteenth century. We suggest that, although many of these innovations occurred already in the Late Middle Ages, their impact was limited to some particular geographic areas; it was not until the sixteenth century that they really became widespread, making this century a turning point for English agricultural history.
Materials and methods

The sites
The faunal remains from the following archaeological sites have been re-analysed for the specific purpose of this paper: Little Pickle (Bletchingley, Surrey), Flaxengate (Lincoln, Lincolnshire) and The Shires (including Little Lane and St. Peter's Lane) (Leicester, Leicestershire). The stratigraphic integrity of these assemblages and the chronological attribution of the archaeological contexts were assessed by the excavators and the zooarchaeologists who first analysed these materials (see details below), who regarded them as valid and representative. Only some contexts, stratigraphically sound and securely dated, as well as relevant for this paper (roughly, from the fourteenth to the seventeenth centuries), were selected for the current research.
Faunal remains from Little Pickle (Bletchingley, Surrey, 51.2406°N, 0.0992°W) are dated between 1490 and 1555 (Poulton 1998) , when the site functioned as the manor country house of Hextalls. The property was bought in the early sixteenth century by the Duke of Buckingham and after his execution for treason in 1521 it was taken into royal control. The site was excavated in 1988 and 1989, and the animal bones were first studied by Bourdillon (1998 (Lucas and Buckley 2007) . The sites provided faunal remains dated to a wide chronology, spanning from Roman to contemporary times, but only the late medieval and early post-medieval contexts (fourteenth-seventeenth centuries), first studied by Gidney (1991a Gidney ( , b, c, 1992 Gidney ( , 1993 , were re-analysed for this work. The faunal remains were made available to us by the Leicester Museum.
The last set of faunal remains that has been re-examined specifically for this paper comes from Flaxengate, in the city centre of Lincoln (53.2307°N, 0.5406°W). The site provided evidence spanning from Roman to contemporary times (Jones 1980) , but only the late medieval and early post-medieval faunal remains (late fourteenth-mid sixteenth centuries) were considered for this paper. The animal bones were first analysed by O'Connor (1982) . The faunal remains were loaned to our lab by The Collection Museum in Lincoln.
In addition to these primary data (raw data are available in the supplementary online resources, file 'Online Resource 2'), further evidence was collected for other English assemblages (Fig. 1) . These include Dudley Castle (Thomas 2005b) , Exeter (Maltby 1979) , Launceston Castle (Albarella and Davis 1996) , various sites from London (Thomas et al. 2013 ), Norton Priory (Wright et al. 2016) , Norwich Castle (Albarella et al. 2009 ), Okehampton Castle (Maltby 1982) , Saint Giles by Brompton Bridge (Stallibrass 1993) and West Cotton Davis 1994, 2010) . This large body of data has allowed us to undertake a full comparative analysis Fig. 1 Map showing the location of the sites aimed at identifying the timing and nature of animal husbandry changes. These sites cover most of England (Fig. 1 The different 'period-sites' (i.e. assemblages from the same site but different periods) have been combined into three main periods (Late Middle Ages, c. sixteenth century and seventeenth-nineteenth centuries). The period-sites considered for each general chronological period are shown in Table 2 .
The log-ratio technique and standards used
The log-ratio technique (Simpson 1941) has been used for the present biometrical analysis. This technique increases the sample size and allows direct comparison between measurements (Meadow 1999; Albarella 2002) . As a size index scaling technique, the log-ratio relates our measurements to a standard individual or the mean of a given population (Payne and Bull 1988) , calculating the decimal logarithm of the ratio between the measurement and its standard. For the comparative analysis between different period-sites, only those that provided a sample size equal to or larger than 30 measurements were used, thus discarding period-sites with very small samples, following a common practice in statistical literature (Hogg et al. 2015) .
The focus of the study is on cattle, sheep, pig and chicken. It would have been valuable to include horse too, but the relevant datasets tended to be too small. Goat was excluded from the analysis when it was identified; however, some measurements from specimens identified as sheep/goat have been included due to the difficult distinction of the two species in certain elements. Nonetheless, goat is rare in British medieval and post-medieval sites (Albarella 1997a (Albarella , 2003 , and therefore, the inclusion of a few goat measurements to a sample largely predominated by sheep does not affect the observed patterns in any significant way.
Only a selection of all possible measurements was considered for the analysis based on the log-ratio technique. The parts of the skeleton that were chosen are especially common in archaeological assemblages as they tend to preserve well. Also, the chosen measurements can be easily defined and taken and are well suited for comparison across different researchers. Finally, the measurements were chosen because of their relatively low sexual dimorphism and because they are not amongst the most age dependent (Popkin et al. 2012) . In this work, the priority was to look at morphometric differences between livestock types, rather than the identification of age and sex groups, though these must be taken into account in the interpretation, as changes in sex ratios can generate changes in size (Hadjikoumis 2010) . There is better correlation between measurements taken along the same axis than between those on different axes (Davis 1996) and, ideally, only measurements taken in the same plane should be combined, making sure that only one measurement per bone is considered. Lengths, widths and depths have therefore been plotted separately. Fused and fusing, but not unfused, bones have been included in the analysis. The inclusion of fusing bones may result in a potential bias in the size patterns, as some fusing bones may still be in the process of growth. However, their number was small and therefore they are unlikely to have produced any substantial effect on the observed patterns. The list of anatomical elements and measurements used for this analysis, as well as some further information on them, is provided as part of the supplementary online resources ('Online Resource 1').
The set of standard measurements used for cattle, sheep and chicken have been calculated from our own data from The Shires, following well-known statistical methods (see 'Online Resource 1' for details). These standards have been calculated from the combination of the contexts dated between the fifteenth and mid-sixteenth centuries (both Little Lane and St. Peter's Lane). As part of the supplementary online resources ('Online Resource 1'), the standards calculated for The Shires are provided (Tables S2 to S4) , and the measurements themselves can be found in the supplementary online resources ('Online Resource 2'). For the biometrical analysis of pig postcranial bone and tooth measurements, the standards are those derived from Late Neolithic Durrington Walls (Albarella and Payne 2005) .
In total, almost 17,600 measurements were collected. Nearly 5200 of those are from cattle, 7400 from sheep, 1500 from pig and 3500 from chicken. Of these, approximately 6400 are dated to the Late Middle Ages, 7300 to the c. sixteenth century and 3900 to the seventeenth-nineteenth centuries.
Results
In the following sections, the results of the biometrical analyses for the four main livestock species used as food (cattle, sheep, pig and chicken) are shown. In each case, box plots comparing the log-ratios of all period-sites are provided.
Cattle
In Figs. 2, 3 and 4, the log-ratios for cattle postcranial bones (widths, lengths and depths, respectively) are shown for each A histogram of the axis with most measurements (widths) is shown in Fig. 5 , taking into consideration only those periodsites (with sample size larger than 30) that provided measurements only dated to the sixteenth century, or to the centuries just before or after, with no chronological overlap. The graph shows a remarkable size increase in the Early Modern period at The Shires and the very large size of the sixteenth century Little Pickle cattle.
When all period-sites are combined into three general chronological periods, the sixteenth century size increase of cattle is already very clear, though further increase occurs later (Fig. 6) . Although measurements along the three axes all increased in size through time, the change is more marked in depths and, particularly, widths. Post-medieval cattle were, on average, more robust than late medieval ones.
In the online resources ('Online Resource 1'), statistical analyses of the biometrical data of cattle postcranial widths (S5), lengths (S6) and depths (S7) are shown. The results of the pairwise comparison (using a Mann-Whitney U test), summarised in Table 3 , show very highly statistically significant differences between the three periods, suggesting a size increase of cattle in the three skeletal axes through time, and already in the period around the sixteenth century.
Sheep
The log-ratios of sheep postcranial bones comparing different period-sites are shown in Figs. 7, 8 and 9 (widths, lengths and depths, respectively). The three graphs show an overall increase in size through time, for the three axes. An interesting pattern appears when looking at the range of the width values: it seems that width values progressively become more variable, perhaps suggesting that, in later times, sheep breeds of very different robustness occurred in England.
In Fig. 10 , a histogram of the axis with most measurements (widths) is shown, taking into consideration only those periodsites (with sample size larger than 30) that provided measurements solely dated to the sixteenth century, or to the centuries just before or after, with no chronological overlap. Similarly to cattle, the graph shows a substantial size increase at The Shires and that sixteenth century Little Pickle and Exeter had very large sheep.
When grouped into three chronological periods, the pattern seems clear: the evidence suggests that sheep increased in size remarkably in post-medieval times and already in the sixteenth century. Figure 11 summarises the evolution of the means for the three axes through time. This graph suggests a very notable size increase of sheep in all axes, although lengths did not change as much as widths and depths in the post-sixteenth century. As for cattle, post-medieval sheep were, on average, more robust than late medieval ones.
In the supplementary resources ('Online Resource 1'), the statistics analysing the biometrical data of sheep postcranial widths (S8), lengths (S9) and depths (S10) are shown. The results of the pairwise comparison (using a Mann-Whitney U test), summarised in Table 4 , show very highly statistically significant differences between the three periods, suggesting a size increase of sheep in the three skeletal axes through time, and already in the c. sixteenth century.
Pig
Many pig bones recovered from late and post-medieval English sites are not fused, and thus, their measurements cannot be used for this analysis. For this reason, pig postcranial measurements represent the smallest sample size of the four taxa analysed in this paper, and therefore, the results must be taken cautiously. However, unlike for the other species, a relatively large number of pig tooth measurements could be taken, which provides the opportunity to investigate whether observed size changes are related to genetic or phenotypic factors. Teeth are less plastic than bones and therefore less affected by environmental factors (such as nutrition and breeding conditions), as well as age and sex variation (Degerbøl 1963; Payne and Bull 1988; Albarella 2002) ; thus, change in tooth size is more likely to indicate genotypic variation, which could be caused by the introduction of new animals or the evolution of local ones (Albarella et al. 2007 ).
The log-ratios of pig postcranial bones by period-sites are shown in Figs 12 and 13 (widths and lengths, respectively). The sample size for many of the period-sites is limited, especially for width measurements, so a clear pattern is not visible. The graph showing the log-ratios of pig postcranial lengths, however, shows a clear progressive size increase through time. Depth measurements have not been taken into account because, aside from their small number, no depth postcranial standard was available from the Durrington Walls dataset (Albarella and Payne 2005) .
The pattern for pig teeth is different from that suggested by postcranial bones. Figs. 14 and 15 show the log-ratios for pig teeth (lengths and widths, respectively), for each period-site. Both figures suggest that those period-sites that are shown in the middle of the graph, in general dated to the sixteenth century, show larger values than the late medieval and later post-medieval pig teeth. Pig teeth increased in size in the sixteenth century, but decreased in later centuries.
These observations are supported by further analysis grouping all period-sites into three broad chronological periods. Figure 16 summarises the evolution of the means for the four types of measurements (postcranial widths and lengths, and teeth widths and lengths). Between the Late 
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Middle Ages and the sixteenth century, all four types of measurements increased in size, suggesting that pig improvement involved some genetic change, perhaps in combination with environmental factors. The most marked increase in this period is nonetheless visible on postcranial lengths, making pigs taller in the sixteenth century than they were in late medieval The increase in bone size could be explained with better feeding and more efficient managing practices, but the decrease in tooth size is likely to be genetic. It reflects a trend observed in modern pig breeds, namely the shortening of the snout, a characteristic that can be used to assess primitiveness in pigs (Albarella et al. 2006) . Large, short-snouted pigs (relatively similar in appearance, for instance, to the modern Berkshire pig, the Oxford Sandy & Black Pig or the British Saddleback pig) were likely to have been imported into Britain after the sixteenth century. In the supplementary resources ('Online Resource 1'), the statistics analysing biometrical data of pig postcranial widths (S11) and lengths (S12), as well as tooth lengths (S13) and widths (S14) are shown. The results of the statistical analyses are summarised in Table 5 . As explained in the supplementary online resources, for the comparison between the late medieval and the sixteenth century samples, a Mann-Whitney U test was used, due to the non-normal distribution of the data. On the other hand, for comparing the postcranial data for the pair sixteenth c.-post-sixteenth c., a parametric test (a Student's independent-samples t test) was used, as the data show a normal distribution. In contrast, for teeth of this chronology a non-parametric test (Mann-Whitney U test) was carried out, as the data are not normally distributed. The results show that statistically there are very highly or highly significant differences between the first two periods in all axes, confirming a pig size increase already in the c. sixteenth century. Between the c. sixteenth century and the post-sixteenth century, there is no statistical significance in the size of postcranial bones, but this may be due to the small sample size in the later period. Conversely, the reduction in tooth size is validated by statistical analysis.
Chicken
The log-ratios of chicken postcranial bones, arranged by period-sites, are shown in Figs. 17, 18 and 19 (widths, lengths and depths, respectively). The three graphs show a progressive increase in the size of chicken through time, and already in the sixteenth century. Size change in later post-medieval width and depth measurements, however, appears to be less clear, perhaps in relation to the introduction of a diversity of chicken breeds (Aldrovandi 1598), which may have confused the pattern. The lack of a distinct trend may, however, also be due to the smaller sample size of the more modern period-sites, as shown at the top of the graphs. When comparing the evolution of the mean of the three axes for the chicken postcranial values divided into three broad chronological periods (Fig. 20) , all of them indicate increase through time but, more remarkably, between the Late Middle Ages and the sixteenth century. For the post-sixteenth centuries, the most marked increase is in length values. This evidence suggests that in the sixteenth century, domestic fowl became taller and more robust, while for the later period, increase was largely limited to height.
In the supplementary online resources ('Online Resource 1'), the statistics analysing the biometrical data of chicken postcranial widths (S15), lengths (S16) and depths (S17) are shown. The results of the pairwise comparison (with a Mann-Whitney U test), summarised in Table 6 , support the pattern mentioned above. There are very highly statistically significant differences for the three postcranial axes between the Late Middle Ages and the sixteenth century and for length measurements in the period after the sixteenth century. On the other hand, no statistically significant differences can be demonstrated for widths and lengths between the sixteenth century and the following centuries.
Discussion
The results of the analysis carried out in this paper show that a clear size increase occurred in all four livestock species considered (cattle, sheep, pig and chicken) between the Late Middle Ages and the post-medieval period in England. More importantly, this work suggests that a very significant part of this size increase happened already during the 'long' sixteenth century, at the very beginning of the Modern Era. Traditionally, research on agricultural change in this period has been overshadowed by the remarkable developments in farming that happened in later post-medieval times. Moreover, many scholars of the Early Modern period have paid greater attention to other social, economic and political developments (e.g. international trade and colonialism), rather than investigating changes in the rural world. Plainly, not all regions experienced the same degree of change, but there seems to be little doubt that the sixteenth century was a dynamic period of experimentation in husbandry practices.
Much research so far has focused on the timing of livestock size increase, but the evidence has mainly been based on individual case-studies. Research has mainly dealt with cattle and sheep, suggesting that size increase happened earlier in the south-eastern and central areas of England. This is corroborated by our results, showing, for example, the large size of late medieval cattle from centrally located Dudley Castle. Earlier research also pointed out a later improvement for sheep than cattle. Relying on historical evidence, Overton (1996b) has proposed that cattle size increased between the Middle Ages and the sixteenth century, rather than later. Davis and Beckett (1999) , combining documentary and archaeological evidence, have also suggested that size increase in cattle and sheep was under way by the sixteenth century, although O'Connor (1995) suggested that the size increase happened much later, in the late eighteenth-nineteenth centuries. This paper provides-for the first time-a large-scale, regional analysis of this question, which confirms and emphasises the suggestion that a substantial size increase occurred in the sixteenth century. This affected cattle and sheep, but also pig and 
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.000*** .000*** .000*** Lengths .000*** .000*** .000*** Depths .000*** .000*** .000*** ***, very highly significant (alpha value ≤ 0.001); **, highly significant (alpha value ≤ 0.01); *, significant (alpha value ≤ 0.05) chicken, and continued in later centuries. It is also worth noticing that all domesticates in the sixteenth century manor house of Little Pickle are much larger than at other contemporary sites. This may be a consequence of the more intensive farming practices that operated at large rural properties. Our research has shown a clear size increase through time in bones aligned along all three axes of the body. Why did this size increase occur? The size (and shape) of animals is determined by both genotypic and phenotypic factors. A phenotypic change is due to environmental factors, as well as age and sex variation, and can be reflected in the size and shape of postcranial bones. However, we suggest that the size increase that we have documented is unlikely to be explained with a change in the age and sex composition of the faunal assemblages included in our analysis, as discussed below.
Sex variation can affect size: if one compares two samples and if one sample has more males and the other more females, then the average size of the former is likely to be larger than the latter as, in most mammals and many birds, males are larger than females. All animals discussed in this paper are sexually dimorphic, with males on average larger than females, and therefore, size needs to be discussed as a potential reason for the observed size change. Sexing evidence was considered for the largest of the assemblages that we reanalysed: data from The Shires did not show any substantial change in sex ratios through time for pigs ('Online Resource 1', S18) and chicken (S19 and S20). Sample sizes for sex data were, however, small and the evidence must be considered cautiously.
For pigs and chicken, if the size increase were due to sex, an increase of the proportions of males should be expected, but this is unlikely from a management point of view, as for both species a higher proportion of females (to ensure enhanced reproduction rates) is more profitable. Furthermore, this is supported by the ageing evidence (see below), which suggests a decrease in the age-at-death of both species, due to increased emphasis on meat production. In this context, the slaughtering of males in young age, which therefore would not feature in the biometric analysis, is expected.
For cattle and sheep, if the size increase were due to sex, we should expect an increase in the proportions of males or castrates. The first is highly improbable from a management point of view; both species are more profitable as castrates or females if they are raised to an advanced age. Concerning cattle, a sex-related size increase is made unlikely by the age pattern. Since oxen are used for traction, such change should be accompanied by an increase in the overall age. However, as we will see below, the opposite is the case. For sheep, on the other hand, the size change could perhaps be related to an increase in the proportions of wethers, linked to the increasing importance of wool production, as castration is known to improve the quality of the fleece (Kiley 1976 ). However, if we consider the fact that castrates tend to have longer bones than females and entire males (Silberberg and Silberberg 1971; Davis 2000) , a hypothetical increase in ox and whether numbers should result in a size increase that is more pronounced in lengths than widths and depths. As we have seen before, the evidence, however, shows otherwise. Therefore, there is overwhelming indication that the size increase of cattle and sheep is not due to changes in the sex ratios.
Our biometrical analysis carefully selected those measurements that are less age dependent. Although unfused bones were excluded from the analysis, age can still be an influence on size as some bones can be subjected to post-fusion increase, particularly in width and depth (Payne and Bull 1988) . Chicken measurements were all taken from fully formed individuals, with dense and not spongy bones; age, therefore, should not represent a substantial factor in their size variation. If age was the determinant factor for the size increase in mammals, we should expect to see an increase of the proportion of animals slaughtered at older stages. Ageing evidence for cattle, sheep and pig from The Shires is shown in the supplementary online resources ('Online Resource 1', S21 to S23). This evidence suggests that, at this particular site, the Postcranial widths .000*** .000*** .179
Postcranial lengths .000*** .000*** .444 Tooth lengths .000*** .000*** .03* Tooth widths .000*** .002** .000*** ***, very highly significant (alpha value ≤ 0.001); **, highly significant (alpha value ≤ 0.01); *, significant (alpha value ≤ 0.05) age-at-death of both cattle and pig decreased through time, and only sheep became slightly older during the sixteenth century and younger in the post-sixteenth century. At other case-studies considered in our regional analysis, such as Launceston Castle (Albarella and Davis 1996) , age was ruled out as a potential factor to explain size change. Indeed, several Environmental factors may have played a role in the observed pattern. The introduction of new or different foodstuff, such as forage crops (Davis and Beckett 1999: 3) , carrots, introduced to England at the end of the sixteenth century (Kerridge 1967) , and turnips, also in the sixteenth century (Beckett 1990) , as well as the use of stalling or sty farming, which allowed closer control over feeding and breeding (Thomas 2005a: 83-84) , could have all contributed to improve the diet of the livestock and, consequently, its size.
A genotypic change would happen through a genetic alteration, either by introducing foreign animals or through selection of the local ones. In zooarchaeology, genetic modifications can be identified by looking at changes in the size and shape of teeth, since these are less plastic and less affected by environmental factors than postcranial bones (Payne and Bull 1988; Albarella 2002) . A change in the size and shape of teeth will mean that a new type of livestock was introduced or that selective breeding of local types occurred. Too few tooth measurements were unfortunately available for cattle and sheep, but the analysis of pig teeth has demonstrated that genetic factors contributed to the size increase of pig in the sixteenth century. Further genetic modifications were introduced in later centuries. These caused the shortening of the snout (as proven by the reduction in tooth lengths), a characteristic that can be found in modern ('non-primitive') breeds. Conversely, body size increased further and affected all bone dimensions.
The abundant documentary evidence available for this period allows us to compare our results with such complementary (Parker 2010) , livestock trade increased, both within Britain and with foreign countries. This Bled to cross-breeding and hence improvement through 'hybrid vigour'^ (Davis 1997: 416) , which must have been accompanied by greater breed diversification. There is documentary evidence suggesting, for instance, that large 'long-legged' Dutch cattle were introduced to England in the sixteenth century (Trow-Smith 1957: 203) and that new large pig breeds were imported in the eighteenth century (Epstein and Bichard 1984) . It has been suggested that cattle from postmedieval Launceston were perhaps the result of such introduction from the Netherlands (Albarella 1997b: 45-46) .
As a consequence of a substantial demographic increase in the sixteenth century (Wrigley and Schofield 1981) , and the subsequent increase of the mainly urban-driven demand for meat (Albarella 1997a: 28) and other animal products, such as wool (Albarella 1999) , there was a shift towards a more intensive type of farming and animal husbandry. By the sixteenth century, wool was of great importance to England's economy, with cloth representing four-fifths of the country's exports (Hoskins 1955) . Labour productivity and agricultural efficiency rose in Early Modern England (Allen 2003) , as a result of new farming practices, such as grass-arable rotation and the increased use of manure, soap ashes, marl and lime for improving the soil (Kerridge 1967) , together with the growth of stock density (Davis and Beckett 1999) . The size increase of domestic animals therefore constitutes only one element of a larger system of support to the improvement, intensification and increased sophistication of animal husbandry.
In which sense is animal size increase related to improvement? Zooarchaeological research dealing with biometrical data generally assumes that the size increase of animals mostly responds to the will of farmers to enhance agricultural production and productivity and, therefore, represents an agricultural innovation (as defined by Van der Veen 2010: 2) . When dealing with the late-and post-medieval periods, zooarchaeologists label size increase in livestock as an improvement. The understanding of 'improvement' in agriculture has been Ba central element of historical studies of the feudal/capitalist transition^ (Thomas 2005a: 71) . It can, however, be argued that interpreting livestock size increase as an improvement is just a product of a contemporary point of view, which sees enhanced productivity exclusively in positive terms. An animal's larger body size will ensure a greater meat output when slaughtered and, while still alive, will provide greater traction power. Also, improved animal breeds tend to grow faster than more primitive breeds (Albarella 1997a) . This means that they can be slaughtered earlier, thus generating the desired meat output in a shorter time. There are, however, many situations in which smaller animals could be preferable-for instance, in transhumant or otherwise highly mobile communities, or when adaptation to local, even harsh, environmental conditions is more important than the maximisation of yield.
However, the important point to make is not whether animal size increase in Early Modern England was an improvement or not; more importantly, it was perceived as an improvement by Early Modern English farmers. In contrast to medieval subsistence farming, modern farmers sought profit from their livestock and were therefore particularly motivated to enhance both quantity and quality. All early examples of British writers who gave advice on animal husbandry (e.g. Fitzherbert 1523a/34 and 1523b/39; Weston 1645; Blith 1649, 1653; Worlidge 1668) advocated the selection of larger animals. It could be argued that written sources tend to emphasise theory rather than actual practice and to idealise the role of noble men in achieving agricultural innovations, as exemplified by R. Bakewell, seen as one of the great English stockbreeders of the eighteenth century. However, farmers' knowledge based on observation and experience should not be underestimated (Grau-Sologestoa 2015: 128-129) . Before genetics were scientifically understood, Bcrossing of animals, in an attempt to improve the quality of output, had taken place for centuries, as farmers soughtpragmatically-to improve the weight and quality of the beasts they took to the market^ (Davis and Beckett 1999: 2) .
Although the evidence for size increase presented in this work is meaningful by itself, other zooarchaeological evidence, such as taxonomic proportions and kill-off patterns, confirm that important changes occurred in animal husbandry between the Late Middle Ages and the post-medieval period in England. Two forthcoming studies provide an overview of the zooarchaeological evidence of the transition between these two periods in central and southern England (Albarella et al. forthcoming; Holmes forthcoming, respectively). A separate review was previously carried out for the northern part of the country (Huntley and Stallibrass 1995) . The zooarchaeological evidence shows that post-medieval changes in animal husbandry and consumption patterns affected the various English regions in different ways. This is consistent with the information we gather from documentary sources (e.g. Kerridge 1967; Thirsk 1987) . Holmes (forthcoming: 142-143) suggests that there was an increase of arable land in southern England, between the Late Middle Ages and the Modern period. Sheep frequencies increased due to the enhanced value of manure and wool, whereas cattle became less common, as large herds of this species became unsustainable. Horse remains continued to be uncommon in the post-medieval period, but Holmes records a noteworthy increase of horse proportions in highstatus sites (p. 158). Chicken was the most frequent bird in both periods, but its frequency decreases substantially in postmedieval times. Based on the ageing evidence, she also inferred (p. 185) an enhancement of cattle meat production in the post-medieval period, while for sheep there was evidence suggesting an increasing importance of secondary products.
The patterns observed in central England appear to be rather different (Albarella et al. forthcoming) . No substantial differences in livestock frequencies were found between the two periods. Regional differences were, however, observed, as cattle were more common than sheep in western and eastern central England, in continuity with the medieval period. The frequencies of horse and chicken remains increased in the post-medieval period. The slaughtering of calves (for veal and dairy production) became more common in the latest medieval and the post-medieval period, while sheep got older, for wool production. There is an overall decrease of the slaughtering age for pigs, due to faster growing breeds (Albarella 1997a; Albarella et al. 2006) , and chicken, probably connected to a greater emphasis on rapid meat returns.
There is less available evidence for Northern England (Huntley and Stallibrass 1995) , but the authors suggested two general patterns: first, sheep was the most frequent domesticate in both periods, and secondly, a higher proportion of young sheep, raised for meat, is attested for the post-medieval period.
Regional variability aside, the emerging picture is that of a country that, in general, was progressively more and more dominated by sheep husbandry. The written sources suggest that horse substituted cattle as the main traction animal (Langdon 1986; Overton and Campbell 1992) , though, this did not happen in all regions (Trow-Smith 1959: 173-177 ). The zooarchaeological evidence shows that horse is uncommon in all available sites; however, the relative frequency of this species needs to be considered carefully (discussed in Albarella 1997a). With horse not being a food animal, it can be suggested that disposal practices for this animal were different from those used for other livestock species considered here. Perhaps, what seems more interesting, is that the reduction in cattle frequencies, accompanied by some decrease of the age-at-death of cattle, may be related to a gradual switch of traction duties from oxen to horses, helped by the introduction of lighter iron ploughs (Trow-Smith 1959) and wooden harnesses (Lefebvre des Noëttes 1931). Horse carcasses could have been disposed of at special dumping sites, rather than in the middens, pits and other contexts where most faunal remains are found. Also, it is possible that most elderly horses would arrive at rural sites to the end of their lives, where they were used for agricultural purposes. Further excavations and zooarchaeological analyses are needed at rural sites to elucidate this, as post-medieval excavations have been carried out mainly at urban settlements.
Another important trend is that, in all regions, the kill-off patterns show-for the late fifteenth to the sixteenth centuries-an increase in the proportions of domesticates being slaughtered young. This suggests an increase in meat production, mainly represented by veal, pork and chicken, and mutton also in northern England. The reduction in cattle frequencies and age-at-death may also reflect the growing importance of dairy products and specialisation in the post-medieval period (Thirsk 2007) resulting in higher amounts of bones from veal which may have lower bone preservation/survival rates. The important change in consumption patterns, mainly in towns, reflected by the increasing proportion of domesticates raised for producing meat, could have been one of the main reasons why farmers aimed to breed larger animals. Finally, if animals were getting larger but at the same time they were culled at an earlier age, they probably belonged to fast growing breeds (Albarella 1997a; Albarella et al. 2006) . By reaching full weight at a younger age, they would have been more profitable for farmers. This trend has continued in the contemporary world, in response to the rapid explosion of global demand for (cheap) meat (Meat Atlas 2014: 48-49) .
Conclusions
Although zooarchaeological evidence for livestock improvements in post-medieval England has been investigated before, this has mainly relied on individual case studies and the subject-in view of its importance for our understanding of the shaping of the modern world-has been in dire need of a re-analysis. In this paper, for the first time, the evidence from all main food animals (cattle, sheep, pig and chicken) has been considered at a countrywide scale and using a large number of case-studies, as well as relying on first-hand re-analysis of a substantial amount of evidence (for London see Thomas et al. 2013) .
Our work incontrovertibly demonstrates that, in England, livestock improvements were well on their way in the sixteenth century, well before the Agricultural Revolution as historically defined. This is indicated by clear body size increases in all analysed animals as well as changes in mortality patterns. Obviously changes did not affect all regions equally or at the same pace, but enough areas were involved to consider this to have been a large-scale phenomenon.
Having identified the sixteenth century as an important period of change, we should not underestimate the innovations introduced in animal husbandry in the Late Middle Ages, which were many and important. It has been suggested that some mechanisms of livestock improvement were already in place during the late medieval period (see Thomas 2005b , mainly relying on the important example of Dudley Castle). Although there is certainly some truth in this, the medieval evidence for improvement is fairly limited. Some of the innovations that we have attested for the sixteenth century may have had their roots in the Middle Ages, but it seems clear that the rate and scale of change substantially increased.
Our research suggests that the sixteenth century was a key turning point for innovation and improvement in animal husbandry, which led to the birth of modern farming. The idea that this was a period of relative stagnation in agriculture, sandwiched between the Black Death and the Agricultural Revolution, can be discounted. The 'long' sixteenth century was the time when those agricultural innovations that had begun to emerge in England during the Late Middle Ages became widespread, causing substantial and long-lasting transformations in the rural world. This ultimately led to the 'modernisation' of English agriculture.
